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DESCRIPTION 

METHOD FOR MANUFACTURING GALVANNEALED STEEL SHEET . 

TECHNICAL FIELD 

The present invention relates to a method for manufacturing 
high strength galvannealed steel sheet that has excellent 
stability in mechanical properties and is used in industrial 
fields including automobiles and electric sectors. 

BACKGROUND ART 

Improvement in the fuel consumption of automobiles has 
become a serious issue from the point of global environment 
conservation. In that situation, the automobile industry 
enhances the activity of decreasing in the body sheet thickness 
to lighten the car body by increasing the strength of the car 
body materials . Since, however, the increased strength of steel 
sheet results in the decrease in ductility, or in forming 
workability, the industry waits for the development of materials 
that have both the high strength and the high formability. 

Responding to the request , there have been developed various 
steel sheets, including ferrite-martensite dual-phase steels 
and TRIP steels utilizing the transformation-induced plasticity 
of retained austenite. Those steel sheets may have a coating 
thereon to improve the rust-preventive performance during use 
period . Specifically , widely applied steel sheets for these uses 
are galvannealed steel sheets which are not simply coated thereon 
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but being subjected to heat treatment after coating to diffuse 
Fe in the steel sheet into the coating layer, thereby assuring 
press-f ormability r spot weldability , and paint adhesion . Many 
kinds of that type of steel sheets have been developed. 

For example, Patent Document 1 discloses a galvannealed 
steel sheet that has excellent f ormability, and Patent Document 
2 discloses a method for manufacturing a galvanized steel sheet 
that gives high strength and high ductility, and further shows 
excellent rust-preventive performance. From the point of 
attaining both the coatability and various characteristics, 
Patent Document 3 discloses a galvannealed steel sheet which 
has excellent local ductility, improves coating wettability and 
anti-powdering property, and gives excellent ductility > and 
Patent Document 4 and Patent Document 5 disclose a 440 to 640 
MPa grade hot-dip galvanized steel sheet having excellent 
coatability, and a method for manufacturing thereof. Regarding 
the improvement of alloying rate and adhesion of coating layer, 
Patent Document 6 and Patent Document 7 disclose a high tensile 
galvannealed steel sheet having excellent coatability and 
adhesion of coating layer through the immersion of steel sheet 
in a coating bath after Ni-precoating and after rapid heating 
at relatively low temperature, thereby conducting alloying 
operation, and a method for manufacturing thereof. Patent 
Document 8 discloses a steel sheet applying Cu-precoating and 
a method for manufacturing thereof. 

Patent Document 1: JP-A-11-279691 , (the term "JP-A" 
referred to herein signifies the "Unexamined Japanese Patent 
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Publication" ) , 
Patent Document 2 : 
Patent Document 3 : 
Patent Document 4 : 
Patent Document 5: 
Patent Document 6 : 
Patent Document 7 : 
Patent Document 8 : 
Patent Document 9 : 



JP-A-2002-38248, 
JP-A-2002-30403, 
JP-A-2000-234129 
JP-A-2000-160290. 
JP-A-4-333552, 
JP-A-4-346644 , 
JP-A-11-12712, and 
JP-A-2001-11538. 



The above inventions were, however, derived from the 
viewpoints of attaining both the improvement in press- formability 
and other characteristics and the coatability, and they do not 
consider the stability of mechanical properties. 

For example, Patent Document 1 describes that the addition 
of Mn by an amount of 15 times or more the amount of C significantly 
delays the progress of pearlite and bainite transformation by 
reheating for alloying the coating layer, thus allowing the 
martensite and retained austenite to remain by the amounts from 
3 to 20% even after cooling after the alloying treatment at 
temperatures ranging from 500 °C to 600 °C. Since, however, the 
mechanical properties vary with the alloying heat treatment 
conditions, the method may raise problems in practical 
applications . 

Patent Document 2 raises a cost problem because the sheet 
travels through CGL after passing through CAL. 

Patent Document 3 determines the alloying treatment 
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temperature based on the relation between the amount of Si and 
the amount of Fe . As described in detail in the present 
specification later, however , actually the influence of holding 
time is also significant, and sole temperature control cannot 
attain stable mechanical properties. 

Patent Document 4 describes that the presence of Ni and 
Cu allows the total content of Si and Al to become a relatively 
high level so that, even the alloying treatment at about 550 °C, 
no deterioration of ductility occurs. Actually, however, the 
influence of holding time is significant, and sole temperature 
control cannot attain stable mechanical properties. 

Patent Document 9 discloses a method for manufacturing high 
tensile hot-dip galvannealed steel sheet that decreases the 
dispersion of mechanical properties without adding large amounts 
of alloying element. The method attains high strength by a 
combination of solid solution strengthening and precipitation 
strengthening. For the mechanical properties that were 
significantly dispersed in the related art , the method stabilizes 
them by appropriately controlling the soaking temperature (or 
the recrystallization annealing temperature) in the coating line . 
Patent Document 9, however, does not consider the dispersion 
of mechanical properties caused by the dispersion of alloying 
treatment conditions of the coating layer, and the effect is 
not satisfactory. 

Patent Document 5 describes that the addition of Mo 
suppresses the transformation of austenite, remained in the 
previous stages, to pearlite when the steel sheet is heated to 
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about 550 °C, and is effective to ultimately assure the amount 
of retained austenite. As described later in the present 
description, however, sole addition of Mo may fail to attain 
the effect depending on the alloying heat treatment condition. 

The galvannealed steel sheet is manufactured by applying 
heat treatment after immersing the steel sheet in a coating bath, 
thereby diffusing Fe in the steel sheet into the coating layer. 
From the point of coating adhesion and sliding property , however , 
it is necessary to accurately control the Fe content in the coating 
layer and the coating layer structure. Since the degree of Fe 
diffusion into the coating layer significantly differs with the 
composition of steel sheet, the heat treatment conditions are 
required to vary with individual steel grades . Furthermore , even 
with the same steel grade, the heat treatment pattern shall be 
varied depending on the coating weight , the steel sheet thickness , 
and the sheet travel speed . On varying the heat treatment pattern , 
the mechanical properties of the material vary. For the case 
of low alloy composition found in, for example, a mild steel 
sheet, alloying of coating layer proceeds at relatively low 
temperatures and within short time of heat treatment, and the 
structure of the steel sheet is occupied by ferrite single phase, 
thus the variations in mechanical properties resulting from 
alloying treatment did not raise serious problems. The high 
tensile steel sheets which increase in their application fields 
in recent years, however, contain relatively large amounts of 
alloying components, and are difficult in alloying thereof. 
Accordingly , the high tensile steel sheets may need heat treatment 
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at high temperatures or for a long period. Furthermore, since 
the high tensile steel sheets utilize the precipitation 
strengthening and the strengthening by a hard secondary phase, 
they often generate deterioration or dispersion of mechanical 
properties under the influence of the alloying heat treatment 
pattern . 

To those kinds of issues , Patent Document 6 , Patent Document 
7, and Patent Document 9 propose methods to solve the issues 
by facilitating the alloying treatment. The methods proposed 
by Patent Document 6 and Patent Document 7, however, need a step 
of Ni-precoating, which increases the cost, and apply rapid low 
temperature heating (450 °C to 500 °C) before coating, which needs 
to conduct control of steel sheet structure and the like, before 
the CGL travel, to attain the desired mechanical properties. 
Patent Document 9 proposes a steel sheet applying Cu-precoating 
to allow the rapid low temperature heating at high temperatures, 
and a method for manufacturing thereof. Also in that case, the 
Cu-precoating is required, which increases the cost. In actual 
press-forming and the like, a material that has excellent 
workability is required to assure the formability, and at the 
same time, to assure stable operability and shape accuracy of 
products, a steel sheet that gives small dispersion of strength 
and ductility is required. The need increases particularly to 
the high strength steel sheets. As described above, however, 
the inventions of hot-dip galvanized steel sheets in the related 
art aimed to establish both the coatability and the mechanical 
properties , and did not pay detail attention on the deterioration 
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of coating characteristics and variations of mechanical 
properties such as strength and elongation during the alloying 
treatment in the manufacturing process. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a 
galvannealed steel sheet that suppresses the dispersion in the 
mechanical properties through the control of the alloying 
condition of the coating layer , and a method for manufacturing 
thereof . 

To attain the object, the present invention provides a 
method for manufacturing a galvannealed steel sheet comprising 
the steps of : preparing a hot-dip galvanized steel sheet ; applying 
alloying treatment to the hot-dip galvanized steel sheet; and 
controlling time and temperature of the alloying treatment 
depending on the content of Si and of Al . 

The hot-dip galvanized steel sheet consists essentially 
of 0.05 to 0.30% C, 0.01 to 2.0% Si, 0.08 to 3.0% Mn , 0.003 to 
0.1% P, 0 to 0.07% S, 0.01 to 2.5% Al , 0 to 0.007% N, by mass, 
and balance of Fe and inevitable impurities . 

The step of controlling time and temperature of the alloying 
treatment controls the time and the temperature of the alloying 
treatment in accordance with the formula given below depending 
on the content of Si and of Al , 

Si + Al ^ 1.5 x 10" 7 x t 0 75 x (T - 465) 3 + 0.117 
where t is the total time (sec) of holding the steel sheet at 
465 ° C or higher temperature on alloying the coating layer thereon , 
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and T is the average temperature ( ° C) of the steel sheet during 
the total time t (sec) of holding the steel sheet at 465°C or 
higher temperature on alloying the coating layer thereon. 

The hot-dip galvanized steel sheet may further contain at 
least one element selected from the group consisting of 0.01 
to 0.1% Ti, 0.01 to 0.1% Nb, 0.0003 to 0.0050% B, 0.005 to 2.0% 
Ni, and 0.005 to 2.0% Cu, by mass. 

The present invention further provides a method for 
manufacturing a galvannealed steel sheet comprising the steps 
of: preparing a hot-dip galvanized steel sheet ; applying alloying 
treatment to the hot-dip galvanized steel sheet; and controlling 
time and temperature of the alloying treatment depending on the 
content of Si, Al , Cr, Mo, and V. 

The hot-dip galvanized steel sheet consists essentially 
of 0.05 to 0.30% C, 0.01 to 2.0% Si, 0.08 to 3.0% Mn, 0.003 to 
0.1% P, 0 to 0.07% S, 0.01 to 2.5% Al , 0 to 0.007% N, by mass, 
further at least one element selected from the group consisting 
of 0.01 to 2.0% Cr, 0.005 to 2.0% V, and 0.005 to 2.0% Mo, by 
mass, and balance of Fe and inevitable impurities. 

The step of controlling time and temperature of the alloying 
treatment controls the time and the temperature of the alloying 
treatment in accordance with the formula given below depending 
on the content of Si, Al , Cr, Mo, and V, 

Si + Al + 5 x Cr + 15 x Mo + 15 x V ^ 1.5 x 10" 7 x t 0 * 75 
x (T - 465) 3 + 0.117 

where t is the total time (sec) of holding the steel sheet at 
465 °C or higher temperature on alloying the coating layer thereon , 
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and T is the average temperature ( ° C) of the steel sheet during 
the total time t (sec) of holding the steel sheet at 465°C or 
higher temperature on alloying the coating layer thereon. 

The hot-dip galvanized steel sheet may further contain at 
least one element selected from the group consisting of 0.01 
to 0.1% Ti, 0.01 to 0.1% Nb, 0.0003 to 0.0050% B, 0.005 to 2.0% 
Ni, and 0.005 to 2.0% Cu , by mass. 

The present invention provides a high strength galvannealed 
steel sheet giving small dispersion of mechanical properties, 
thus the present invention offers precious applicability to 
industries , and particularly the present invention is extremely 
beneficial in weight-reduction and rust-prevention of automobile 
body-, giving significant industrial effects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1(a) shows a schematic drawing of the relation of 
alloying temperature f alloying time, tensile strength , and total 
elongation according to the related art. 

Fig. 1(b) shows a schematic drawing of the relation of 
alloying temperature , alloying time , tensile strength , and total 
elongation according to the present invention. 

Fig. 2 is a graph showing the stability of mechanical 
properties in relation to the chemical composition of the steel 
and the alloying treatment temperature for the cases of 15 to 
30 sec of alloying treatment time. 

Fig. 3(a) to (d) are the graphs showing the stability of 
mechanical properties in relation to the steel sheet composition 
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and the alloying heat treatment temperature for the cases of 
alloying treatment temperatures of 600 °C, 550°C, 520°C, and 500°C, 
respectively . 

EMBODIMENT FOR CARRYING OUT THE INVENTION 

The inventors of the present invention studied the causes 
affecting the dispersion of mechanical properties of high 
strength galvannealed steel sheets , and found that the mechanical 
properties are significantly affected by the alloying heat 
treatment after the immersion of the sheet in a coating bath 
even under a precise control of the conditions of annealing before 
the immersion of the sheet in the coating bath or the conditions 
of heat treatment after the annealing and before the immersion. 

Fig. 1(a) and Fig. 1(b) show schematic drawings of the 
relation of alloying temperature , alloying time , tensile strength , 
and total elongation. In these figures, the point O signifies 
the case of no alloying treatment after the immersion of sheet 
in the coating bath at temperatures ranging from 460 °C to 465 °C. 
Fig. 1(a) is for the case that conventional steel sheets are 
manufactured under the control of ordinary alloying conditions. 
The figure shows that, depending on the increase in the alloying 
temperature and/or the increase in the alloying time, the tensile 
strength and the total elongation decrease in some cases, giving 
large variations in the mechanical properties depending- on the 
alloying conditions. Generally, the alloying treatment 
conditions are controlled so as the Fe content in the coating 
layer and the coating layer structure to become optimum. The 
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alloying conditions , however, differ depending on the necessary 
coating weight even with the same steel grade and composition. 
In addition, when the sheet travel speed is changed owing to 
the difference in sheet thickness or the like , the optimum alloying 
conditions vary. In this case, if the variations of mechanical 
properties become significant responding to the alloying 
conditions as seen in Fig. 1(a) , the mechanical properties such 
as strength and elongation of the final product vary , which induces 
dispersion of the shape accuracy and the like in the forming 
stage at users, and further raises necessity of changing the 
forming condition for the varied mechanical properties in some 
cases, thereby significantly deteriorating the operability of 
press-forming stage. 

The inventors of the present invention focused on that the 
degree of effect of alloying heat treatment conditions on the 
mechanical properties significantly differs with the chemical 
composition of the steel, and gave detail study on the relation 
of the chemical composition and the alloying heat treatment 
temperature and time. The study revealed that an appropriate 
control of the chemical components of the steel sheet assures 
no deterioration of the mechanical properties within a range 
of alloying heat treatment conditions necessary in ordinary 
operations , which allows manufacturing a steel sheet having very 
little dispersion of mechanical properties. The detail 
description is given in the paragraphs of reasons for specifying 
the components in the following. The inventors of the present 
invention studied the effect of alloying conditions on materials 



having various chemical compositions, and identified that the 
degree of the effect significantly differs with the chemical 
composition. Then f the alloying conditions were related to the 
time for holding the steel sheet at or above the coating bath 
temperature for alloying after the immersion in the coating bath , 
and the average temperature within the time , thereby establishing 
the relation to the chemical composition. Based on thus 
established relation, there was determined the steel sheet 
manufacturing conditions that do not deteriorate the mechanical 
properties and give very little dispersion thereof within an 
alloying condition varying range which appears resulting from 
the variations of sheet thickness, coating weight, sheet travel 
speed, and the like occurred in normal manufacturing state. The 
schematic drawing of the conditions is given in Fig. 1(b) . As 
seen in Fig. 1 (b) , through an appropriate correlation of steel 
sheet composition, the condition of very little deterioration 
in the mechanical properties, (point X) , is available compared 
with the case of not-applying the alloying treatment (point O, 
460°C to 465°C of coating bath temperature) . By defining the 
relation between the alloying condition range (point O to point 
X) and the steel sheet composition, it has become possible to 
obtain the steel sheet which gives very little dispersion in 
the mechanical properties within a condition-varying range 
necessary in actual manufacturing process. 

On carrying out the present invention , the range of limiting 
the chemical composition and the reason for specifying the range 
are described below. 



First, the reasons of limiting the chemical composition 
in the present invention are described in the following. The % 
in the following signifies % by mass. 

C: 0.05 to 0.30% 

Carbon is an element to stabilize austenite and is necessary 
to assure the amount of martensite and to keep the austenite 
remaining at room temperature. If the C content is less than 
.0.05%, however, it becomes difficult to ensure strength of steel 
sheet and to assure the necessary amount of retained austenite, 
thus failing in satisfying the desired mechanical properties 
even when the manufacturing conditions are optimized. If the 
C content exceeds 0.30%, the hardening of welded part and 
heat-affecting zone becomes significant, thereby deteriorating 
the weldability. Accordingly, the C content is specified to a 
range from 0.05 to 0.30%, preferably from 0.05 to 0.2%. 

Si : 0.01 to 2.0% 

Silicon is an effective element to strengthen the steel, 
and is a f errite-f orming element. Since Si enhances the 
C-enrichment in austenite and suppresses the formation of carbide , 
Si enhances the retained austenite formation. Consequently, Si 
is often added to composite steels and TRIP steels. The effect 
is attained at 0.01% or larger Si content. Excess addition of 
Si, however, deteriorates formability and toughness because of 
the increase in the amount of solid solution in ferrite, and 
deteriorates the surface property caused by the generation of 
red-rust and the like, and deteriorates the coating attachment 
and adhesion in the case of hot-dip coating. Therefore, the Si 
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content is specified to a range from 0.01 to 2.0%. 
Mn: 0.08 to 3.0% 

Manganese is an element effective to strengthen the steel 
and to stabilize austenite , and is an element necessary to increase 
the volume of martensite and retained austenite. The effects 
are attained at 0.08% or larger Mn content. If, however, the 
Mn content exceeds 3.0%, the strength increase becomes 
significant caused by the excess amount of secondary phase and 
by the strengthened solid solution . Consequently , the Mn content 
is specified to a range from 0.8 to 3.0%, preferably from 1.0 
to 3.0%. 

P: 0.003 to 0.1% 

Phosphorus is an effective element to strengthen the steel , 
and the effect is attained at 0.003% or larger P content. If, 
however, the P content exceeds 0.1%, the grain-boundary 
segregation induces brittleness, thereby deteriorating the 
crashworthiness . Accordingly, the P content is specified to a 
range from 0.003 to 0.1%. 

S: 0 to 0.-07% 

Sulfur content is preferably kept as low as possible because 
S forms MnS and other inclusions to deteriorate the 
crashworthiness and to cause cracks along metal flow line in 
the weld. From the point of manufacturing cost, the S content 
is specified to 0.07% or less. 

Al: 0.01 to 2.5% 

Aluminum is a f errite-f orming element, enhances the 
C-enrichment in austenite, and suppresses the formation of 
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carbide, thus Al performs to enhance the formation of retained 
austenite. The effects are attained at 0 . 01% or larger Al content. 
Owing to the effects, Al is added to composite steels and TRIP 
steels by a large amount in some cases. Excess addition of Al , 
however, induces brittleness of ferrite and deteriorates the 
balance of strength and ductility of material. The Al content 
above 2.5% increases the amount of inclusions in the steel sheet 
to deteriorate the ductility. Consequently, the Al content is 
specified to a range from 0.01 to 2.5%, preferably from 0 . 1 to 
2.0%. 

N: 0 to 0.007% 

Nitrogen is the element to deteriorate the anti-aging 
property of the steel to the largest degree. Smaller N content 
is better. If the N content exceeds 0.007%, the deterioration 
of anti-aging property becomes significant. Accordingly, the 
N content is specified to 0.007% or less. 

The steel sheet according to the present invention has the 
above basic components and iron as the main components . The term 
"main components" referred to herein signifies the components 
that do not hinder the existence of inevitable impurities and 
the functions of the above basic components, and rather improve 
their functions, or do not hinder the existence of elements which 
can improve the mechanical and chemical characteristics. For 
example, it is possible to contain one or more of Cr, V, and 
Mo, which are described below. 

Cr: 0.01 to 2.0% 

Chromium suppresses the formation of pearlite during the 
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step of cooling from the annealing temperature. The effect is 
attained at 0.01% or larger Cr content. If, however, the Cr 
content exceeds 2.0% f the coatability may be deteriorated. 
Accordingly, the Cr content is specified to a range from 0.01 
to 2.0%. 

V: 0.005 to 2.0% 

Vanadium suppresses the formation of pearlite during the 
step of cooling from the annealing temperature . - The effect is 
attained at 0 . 005% or larger V content . If , however , the V content 
exceeds 2.0%, the amount of ferrite becomes excessively small 
to deteriorate the formability. Therefore, the V content is 
specified to a range from 0.005 to 2.0%. 

Mo: 0.005 to 2.0% 

Molybdenum is effective in resistance to delayed fracture, 
and the effect is attained at 0.005% or larger Mo content. If, 
however, the Mo content exceeds 2.0%, the formability 
deteriorates. Consequently, the Mo content is specified to a 
range from 0.005 to 2.0%. 

Furthermore, one or more of Ti, Nb, B, Ni , and Cu , which 
are described below, can be added. 

Ti, Nb: each 0.01 to 0.1% 

Titanium and Nb are effective in precipitation 
strengthening of steel, and the effect is attained at each 0.01% 
or larger content. They can be added to strengthen the steel 
within the range specif iedby the present invention . If , however , 
the content of one of them exceeds 0.1%, the formability and 
the shape accuracy deteriorate . Accordingly , the content of each 



of Ti and Nb is specified to a range from 0.01 to 0.1%. 
B: 0.0003 to 0.0050% 

Boron functions to suppress the formation of ferrite from 
the austenite grain boundary. The effect is attained at 0 . 0003% 
or larger B content . If , however , the B content exceeds 0 . 0050% , 
the amount of ferrite becomes excessively small to deteriorate 
the f ormability . Therefore , the B content is specified to a range 
from 0.0003 to 0.0050%. 

Ni: 0.005 to 2.0%, Cu : 0.005 to 2.0% 

Nickel and Cu are elements to stabilize austenite , and have 
effects to keep austenite remain and also to increase the strength 
of steel. The effects are attained at 0.005% or larger content 
of Ni and of Cu . If , however, any of them is added by an amount 
above 2.0% f the ductility of steel deteriorates. Consequently, 
the content of Ni and Cu is specified to a range from 0.005 to 
2.0%, respectively. 

The following is the specification of the relation between 
the steel sheet composition and the temperature and time of 
alloying heat treatment. 

The inventors of the present invention conducted detail 
study of the causes affecting the dispersion of mechanical 
properties of high strength galvannealed steel sheet, and found 
that the mechanical properties are significantly affected by 
the alloying heat treatment after the immersion of steel sheet 
in the coating bath even under precise control of the annealing 
conditions after annealing and before immersing in the coating 
bath or of the heat treatment conditions before the immersion 



therein, and that the degree of the effect significantly differs 
with the steel sheet composition. Fig. 2 shows examples of the 
effect. The figure shows the variations in the mechanical 
properties for the case of heat treatment varying the alloying 
temperature of steel sheets having various compositions within 
the alloying times from 15 to 30 seconds. The vertical axis is 
the values of formula [Si + Al + (5 x Cr + 15 x Mo + 15 x V) ] 
which is derived from the steel sheet composition, and the 
horizontal axis is the alloying temperature, (the average 
temperature of the steel sheet during the total time of holding 
the steel sheet at 465 °C or higher temperature on conducting 
alloying treatment) . The evaluation of good stability is given 
to the case that the difference in the mechanical properties 
from those of no alloying treatment gives ATS (kgf/mm 2 ) not larger 
than 2 kgf/mm 2 and AE1 (%) not larger than 2%. In Fig. 2, the 
evaluation of good stability is expressed by O mark, and the 
evaluation of poor stability is expressed by X mark. As seen 
in Fig. 2, it was found that the variations in the mechanical 
properties significantly depend on the chemical composition and 
the alloying temperature , that the chemical composition expressed 
by the formula [Si + Al + (5 x Cr + 15 x Mo + 15 x V) ] gives 
good agreement with the degree of variations in the 
characteristics in relation to the alloying temperature, and 
that the alloying temperature gives increasing effect at elevated 
temperatures, not giving linear effect of temperature rise. 
Regarding the formula derived from the steel sheet composition, 
when the elements appeared in parentheses are not added to the 



steel sheet, the formula is expressed solely by Si and Al , and 
when Cr, Mo, and V are added, these elements have to be further 
taken into account. 

The alloying heat treatment is given to suppress the Fe 
content and to control the phase structure to assure the coating 
layer adhesion and other characteristics. The alloying heat 
treatment condition differs with the chemical composition of 
the steel sheet, and even with the same composition, the alloying 
heat treatment condition has to be changed to obtain optimum 
coating layer depending on the coating weight and sheet travel 
speed. When the heat treatment pattern varies, the mechanical 
properties of steel sheet, particularly of high strength steel 
sheet , vary . 

Based on the findings, the inventors of the present 
invention carried out further detail study of the effect of 
chemical composition and alloying treatment condition on the 
deterioration of mechanical properties, specifically conducted 
detail study to obtain materials that are free from the effect 
of alloying heat treatment pattern and that have excellent 
stability of mechanical properties , thereby deriving the findings 
described below. 

Figure 3 shows the effect of chemical composition and 
alloying conditions on the variations in the mechanical 
properties. It was found that the state of deterioration in the 
mechanical properties is expressed by the correlation of: the 
relation to the alloying temperature , given in Fig. 2; the formula 
[Si + Al + (5 x Cr + 15 x Mo + 15 x V) ] , derived from the chemical 
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composition of the steel; and the alloying time. On the basis 
of the results of above studies, the variations in the mechanical 
properties show a good correlation with the alloying components 
in the steel sheet by expressing the alloying heat treatment 
conditions in terms of the time holding the steel sheet at the 
coating bath temperature (about 465 °C) or above during alloying 
treatment, and of the average temperature within the time. 

Based on the above findings, the inventors of the present 
invention specified the chemical composition and the alloying 
heat treatment conditions of steel sheet, and has established 
a method for manufacturing steel sheet which induces very little 
deterioration in the mechanical properties under variations of 
alloying conditions in operating process, and which assures 
stable mechanical properties similar to those attained in no 
alloying treatment operation. According to thus perfected 
invention, when the heat treatment condition giving the maximum 
temperature and time in the alloying heat treatment are T(°C) 
and t(sec) , a material in which the dispersion of mechanical 
properties is suppressed can be manufactured if only the (Si 
+ Al) in the steel sheet components satisfies the following 
formula , 

Si + Al ^ 1.5 x 1CT 7 x t 0 * 75 x (T - 465) 3 + 0.117 
and, when Cr, Mo, and V exist in the steel sheet, the material 
can be manufactured if only the [Si + Al + 5 x Cr + 15 x Mo + 
15 x V] satisfies the following formula, 

Si + A1 + 5 x Cr + 15 x Mo + 15 x V ^ 1.5x 10" 7 x t 075 
x (T - 465) 3 + 0.117 
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For the case that the alloying heat treatment conditions 
are high temperature and long time, the related art focused on 
the suppression of precipitation of pearlite from the secondary 
phase. However, it was found that sole suppression of pearlite 
precipitation is not sufficient to prevent the deterioration 
of mechanical properties during the alloying treatment and that 
the precipitation of fine carbide in the secondary phase 
significantly affects the variations of mechanical properties. 
A presumable reason of the phenomenon is the following. When 
the martensite transformation occurs in cooling step, the 
precipitation of carbide from the secondary phase, the quantity, 
configuration, and distribution of the carbide vary the hardness 
of the secondary phase, and further, when the secondary phase 
remains as retained austenite, the precipitation of carbide 
decreases the amount of residual secondary phase and deteriorates 
the stability thereof, thus increasing the amount of martensite, 
thereby varying the mechanical properties . 

The inventors of the present invention conducted detail 
study of the above precipitation phenomena, and found that Si 
and Al suppress that type of carbide precipitation, that the 
increase in the adding amount of Si and Al widens the range of 
temperature and time to attain stable mechanical properties, 
and that Cr, Mo, and V give stronger effect than above, or Cr 
gives the effect of about 5 times that of Si and Al , and Mo and 
V give the effect of about 15 times that of Si and Al . The alloying 
conditions can be correlated by the relation of the time of holding 
the steel sheet at the coating bath temperature (abut 465 °C) 
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or above , (hereinafter referred to simply as the "alloying time" ) , 
and the average temperature within the time, (hereinafter 
referred to simply as the "alloying temperature" ) . For the effect 
of alloying temperature T, as seen in Fig. 2, the effect becomes 
stronger at higher temperatures. Accordingly, the effect was 
determined recurrently using exponent approximation, not linear 
approximation, and a good expression of the effect was attained 
by cube of the difference between the alloying temperature T 
and the coating bath temperature (about 465 °C) . For the alloying 
time, the degree of effect of the alloying time differs with 
temperature, as shown in Fig. 3. Since, for both cases , however, 
the magnitude of the effect of alloying time decreases with 
increase in the alloying time, it is possible to express the 
effect properly by 0.75 power of the alloying time t through 
the exponent approximation. A presumable reason of significant 
increase in the degree of effect of the alloying time with the 
increase in the difference between the alloying temperature T 
and the coating bath temperature (about 465 °C) , and of decrease 
in the variations in the magnitude of effect of the alloying 
time t with the increase in the alloying time t is that the 
precipitation of carbide is controlled by diffusion rate. The 
coating bath temperature is not necessarily limited to about 
465°C, and may be in a range from 440°C to 480°C. Even when the 
coating bath temperature varies, the range of Si and Al content 
can be specified by the above formula which was derived based 
on 465°C. 

As described above, the present invention has advantages 
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in that , when the condition giving maximum effect on the variations 
in the mechanical properties among the alloying treatment 
conditions is selected, or when the alloying temperature and 
the alloying time are selected, it becomes possible to obtain 
a material which gives small variations in the mechanical 
properties during the alloying heat treatment within the 
condition range, or to induce no deterioration of mechanical 
properties within a range of variations in the conditions 
resulting from the variations of coating weight , sheet thickness , 
and sheet travel speed, occurred in normal manufacturing state. 

Examples 

The present invention is described in more detail in the 
following referring to the examples. The examples, however, do 
not limit the present invention, and modifications of design 
without changing the essence of the present invention are included 
in the technical range of the present invention. 

Cast products were produced from steels having the 
respective chemical compositions shown in Table 1. After heating 
the cast products to 1200 °C, the cast products were hot-rolled 
to form hot-rolled steel sheets (3.0 mm in thickness and 1200 
mm in width) , followed by picking and cold-rolling to form 
cold-rolled steel sheets (1.2 mm in thickness) . The cold-rolled 
steel sheets were fed to a continuous hot-dip galvanizing line 
to heat and hold at 825 °C for 120 seconds, and then were cooled 
at 10°C/sec of cooling rate. The cooled steel sheets were 
supplied to a zinc coating bath at 460 °C to apply coating by 
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a coating weight of 50/50 g/m 2 . Alloying of the coating layer 
was done by an induction heater and in a succeeding heat-holding 
zone. By varying the line speed, the heater output, and the 
heat-holding and cooling conditions in the heat-holding zone, 
the alloying heat treatment condition was varied to prepare 
various galvannealed* steel sheets. The GI was prepared in an 
off-state of the induction heater. To thus obtainedmaterials , 
a temper rolling of 0.3% was applied to form JIS Class 5 test 
pieces. The test pieces were subjected to tensile test to 
determine tensile strength (TS) and total elongation (El) . The 
evaluation of dispersion of the mechanical properties was given 
by comparison with the material without applying alloying 
treatment, in terms of TS (kgf/mm 2 ) and El (%) . The evaluation 
of good stability was given to the case that the difference in 
the mechanical properties from the no alloying treatment gives 
ATS (kgf/mm 2 ) not larger than 2 kgf/mm 2 and AE1 (%) not larger 
than 2%. Table 2 summarizes the test results. As seen in the 
table, the steel sheets that satisfy the requirements specified 
in the present invention give small dispersion of mechanical 
properties, and attain desired mechanical properties. 
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Table 2-1 



No. 


Steel grade No. 


Alloying 
treatment 
conditions 


Si+AI+5Cr 
+1 5V+ 
15Mo 


1 .5 x 1 0"* x 
t° 75 x 
(T-465) 3 
+0.1 1 7 


Mechanical 
propert i es 


Mechanical 
properties for 
without alloying case 


Deviation in 
mechanical 
properties 


Remark 


TCC ) 


t(s) 


TS 
K kgf/m 
m2 ) 


ri \ 

EK%; 


TS 

(kgf/mm2) 




A TO 

A TS 


A El 


1 


1 


550 


15.0 


3.51 


0.82 


102.3 


24.2 


101.4 


24.0 


0.9 


0.2 


Example 


2 


1 


600 


30.0 


3.51 


4.85 


93.8 


19.1 


101 .4 


24.0 


7.6 


4.9 


Comparative 
ExamDla 


3 


2 


600 


5.6 


3.31 


1.46 


85.5 


28.2 


85.3 


28.5 


0.2 


0.3 


Example 


4 


2 


600 


11.1 


3.31 


2.36 


84.7 


27.9 


85.3 


28.5 


0.6 


0.6 


Example 


5 


2 


600 


1 5.3 


3.31 


2.97 


84.5 


28.3 


85.3 


28.5 


0.8 


0.2 


Example 


6 


2 


600 


18.2 


3.31 


3.37 


80.2 


27.5 


85.3 


28.5 


5.1 


1 .0 


Comparative 
Examole 


7 


2 


600 


22.7 


3.31 


3.96 


76.5 


27.8 


85.3 


28.5 


8.8 


0.7 


Comparative 
Example 


8 


3 


550 


15 


3.19 


0.82 


81 .9 


28.5 


83.7 


28.7 


1 .8 


0.2 


Example 


9 


3 


580 


**5 


3,19 


3.40 


76.3 


26.0 


83.7 


28.7 


7.4 


2.7 


Comparative 
Ex am Die 


10 


4 


550 


15 


2.96 


0.82 


80.5 


27.0 


81 .0 


26.8 


0.5 


0.2 


Example 


11 


4 


600 


25 


2.96 


4.24 


76.2 


25.5 


81 .0 


26.8 


4.8 


1 .3 


Comparative 
Example 


12 


5 


550 


15 


2.61 


0.82 


61 .5 


34.2 


62.3 


34.8 


0.8 


0.6 


Example 


13 


6 


600 


7.3 


2.52 


1.76 


63.8 


31 .9 


64.2 


32.0 


0.4 


0.1 


Example 


14 


6 


600 


1 0.2 


2.52 


2.22 


65.0 


30.3 


64.2 


32.0 


0.8 


1 .7 


Example 


15 


6 


600 


14.1 


2.52 


2.80 


61 .5 


30.5 


64.2 


32.0 


2.7 


1 .5 


Comparative 
Example 


16 


6 


600 


1 7.2 


2.52 


3.23 


60.3 


30.4 


64.2 


32.0 


39 


1 .6 


Comparative 
ExamDle 


17 


6 


600 


23.7 


2.52 


4.08 


58.0 


28.5 


64.2 


32.0 


6.2 


3.5 


Comparative 
Example 


18 


6 


550 


18 


2.52 


0.92 


62.8 


31 .3 


64.2 


32.0 


1 .4 


0.7 


Example 


19 


6 


550 


62 


2.52 


2.15 


63.0 


31 .0 


64.2 


32.0 


1 .2 


1 .0 


Example 


20 


6 




80 


2.52 


2.58 


58.7 


30.3 


64.2 


32.0 


5.5 


1 .7 


Comparative 
Example 


21 


6 


550 


92 


2.52 


2.85 


56.0 


29.2 


64.2 


32.0 


8.2 


2.8 


Comparative 
Example 


22 


7 


550 


15 


2.49 


0.82 


80.7 


27.1 


80.5 


27.8 


0.2 


0.7 


Example 


23 


7 


600 


15 


2.49 


2.93 


76.2 


24.8 


80.5 


27.8 


4.3 


3.0 


Comparative 
Examole 
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8 




15 


2.44 


0.82 


81 .8 


27.7 


82.6 


27.5 


0.8 


0.2 


Example 
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550 


15 


2.3 


0.82 
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34.5 


63.4 


35.1 


0.6 


0.6 
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1 .5 
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1 .3 
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oq n 
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11 
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9.1 
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2.05 


78.4 


26.1 


81.1 


27.2 


2.7 


1.1 


Comparative 
Example 




11 


600 


14.2 


1 Q5 




74.5 


24.9 


81.1 


27.2 


6.6 


2.3 


Comparative 
Example 


31 


12 


550 


26 


1.88 


1.18 


81.3 


26.4 


82.0 


26.8 


0.7 


0.4 


Example 


32 


12 


550 


41 


1.88 


1.61 


80.2 


25.2 


82.0 


26.8 


1.8 


1.6 


Example 


33 


12 


550 


54 


1.88 


1.95 


79.7 


24.3 


82.0 


26.8 


2.3 


2.5 


Comparative 
Example 


34 


12 


550 


81 


1.88 


2.60 


75.2 


25.5 


82.0 


26.8 


6.8 


1.3 


Comparative 
Example 


35 


13 


550 


15 


1.83 


0.82 


63.9 


34.3 


64.8 


34.5 


0.9 


0.2 


Example 


36 


14 


600 


3.5 


1.49 


1.06 


61.9 


28.1 


61.7 


27.9 


0.2 


0.2 


Example 


37 


14 


600 


6.3 


1.49 


1.58 


59.9 


25.7 


61.7 


27.9 


V.S 


2.2 


Comparative 
Example 


38 


14 


600 


11.0 


1.49 


2.35 


54.2 


26.8 


61.7 


27.9 


7.5 


1.1 


Comparative 
Example 


39 


15 


550 


28 


1.37 


1.24 


62.0 


29.2 


62.8 


28.7 


0.8 


0.5 


Exxample 


40 


15 


550 


38 


1.37 


1.53 


59.9 


28.7 


62.8 


28.7 


2.9 


0.0 


Comparative 
example 



Table 2-2 



No. 


Steel grade No. 


Alloying 
treatment 
conditions 


Si+AI+5Cr 
+ 1 5V+ 
1 5Mo 


1 5 X 10" ? X 
t° 75 x 
(T-465) 3 
+0.117 


Mechanical 
propert i es 


Mechanical 
properties for 
without alloying case 


Deviation in 
mechanical 
propert i es 


Remark 


T(°C) 


t(s) 


TS 
(kgf/m 
m2 ) 


El(%) 


TS 

VKgt/mmZ; 


El(%) 


ATS 


A El 


41 


1 5 


550 


73 


1 07 

1 .Of 


1 AO 


53.6 


30.5 


62.8 


28.7 


9.2 


1.8 


Comparative 
Example 


A O 

42 


1 6 


600 


4.2 


A 
1 


*i on 


61.0 


32.2 


66.4 


34.3 


5.4 


2.1 


Comparative 
Example 


43 


1 6 


550 


14.0 


1 


r\ 7Q 
\J.fO 


64.7 


33.7 


66.4 


34.3 


1.7 


0.6 


Example 


44 


1 6 
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34.0 


A 
1 


AAA 

l .41 


61.1 


30.8 


66.4 


34.3 


5.3 


3.5 


Comparative 
Examole 


45 


1 7 


520 


19 


u. / y 


n o vi 


45.6 


39.5 


45.3 


40.1 


0.3 


0.6 


Example 


46 


1 7 


520 


72 


a 7Q 

u. ( y 


U./J 


44.9 


41.0 


45.3 


40.1 


0.4 


0.9 


Example 


47 


1 7 


520 


90 | 


r\ 7Q 

0. / a 


U.OD 


42.9 


40.5 


45.3 


40.1 


2.4 


0.4 


Comparative 
Example 


48 


1 7 


520 


109 


a 70 

o. / y 


u.yo 


41.0 


40.7 


45.3 


40.1 


4.3 


0.6 


Comparative 
Example 


49 


17 


500 


102 


0.79 


n oo 


45.0 


40.3 


45.3 


40.1 


0.3 


0.2 


Example 


50 


1 8 


600 


3.5 


A CO 


1 .Ub 


46.8 


33.6 


51.2 


35.0 


4.4 


1.4 


Comparative 
Example 


C A 

51 


1 8 


550 


4.0 


O.oJ 


n o q 


50.8 


34.8 


51.2 


35.0 


0.4 


0.2 


Example 


52 


1 8 


550 


17 


0. bo 


o.tjy 


47.3 


33.2 


51.2 


35.0 


3.9 


1.8 


Comparative 
ExamDle 


53 


18 


550 


28 


a c o 


-1 O /I 

1 .Z4 


45.9 


33.3 


51.2 


35.0 


5.3 


1.7 


Comparative 
Example 


54 


1 8 


520 


11 


a c o 


n ov 


51.5 


34.5 


51.2 


35.0 


0.3 


0.5 


Example 


55 


1 8 


520 


34 


0.53 


n a~t 
0.4 / 


52.0 


34.9 


51.2 


35.0 


0.8 


0.1 


Example 


56 


1 8 


520 


53 


a co 


U.bl 


48.2 


34.1 


51.2 


35.0 


3.0 


0.9 


Comparative 
Example 


57 


1 8 


500 


21 


A CO 


OHO 

0. i o 


51.5 


34.8 


51.2 


35.0 


0.3 


0.2 


Example 


58 


18 


500 


172 


U. DO 


U.4^ 


50.9 


35.1 


51.2 


35.0 


0.3 


0.1 


Example 


59 


19 


520 


22 


0.42 


U.o / 


45.0 


39.0 


46.1 


39.2 


1.1 


0.2 


Example 


60 


1 9 


520 


60 


a a o 
U.4z 


U.bb 


43.0 


38.9 


46.1 


39.2 


3.1 


0.3 


Comparative 
Example 


C A 

61 


1 9 


500 


123 


U.4Z 


n oc 


45.7 


39.3 


46.1 


39.2 


0.4 


0.1 


Example 


62 


1 9 


500 


157 




U.4U 


44.8 


38.0 


46.1 


39.2 


1.3 


1.2 


Example 


63 


1 9 


500 


207 


n /in 


A A 7 

U.4 / 


42.7 


37.8 


46.1 


39.2 


3.4 


1.4 


Comparative 
Example 


64 


20 


520 


10 


a oo 
u.oo 


A OR 


50.8 


34.8 


52.5 


35.6 


1.7 


0.8 


Example 


65 


20 


520 


24 


U.oo 


A OQ 

u. jy 


48.7 


33.0 


52.5 


35.6 


3.8 


2.6 


Comparative 
Example 


DO 


20 


520 


51 


a o o 


A CQ 


45.8 


32.8 


52.5 


35.6 


6.7 


2.8 


Comparative 
Examole 


67 


20 


500 


47 


a oo 


A OO 


52.3 


35.1 


52.5 


35.6 


0.2 


0.5 


Example 


68 


20 


500 


88 


a o o 


A OA 


50.9 


34.6 


52.5 


35.6 


1.6 


1.0 


Example 


69 


20 


500 


132 


0.33 


0.37 


47.7 


32.8 


52.5 


35.6 


4.8 


2.8 


C omparative 
Example 


70 


20 


500 


157 


0.33 


0.40 


45.7 


32.5 


52.5 


35.6 


6.8 


3.1 


Comparative 
Example 


71 


21 


520 


12 


0.19 


0.28 


38.8 


42.0 


41.2 


41.6 


2.4 


0.4 


Comparative 
Example 


72 


21 


520 


30 


0.19 


0.44 


38.1 


41.7 


41.2 


41.6 


3.1 


0.1 


Comparative 
Example 


73 


21 


500 


15 


0.19 


0.17 


40.0 


41.1 


41.2 


41.6 


1.2 


0.5 


Example 


74 


21 


500 


40 


0.19 


0.22 


38.5 


41.8 


41.2 


41.6 


2.7 


0.2 


Comparative 
Example 


75 


21 


500 


63 


0.19 


0.26 


38.3 


41.7 


41.2 


41.6 


2.9 


0.1 


Comparative 
Example 


76 


22 


520 


20 


1.05 


0.35 


85.7 


25.0 


84.2 


26.0 


1.5 


1.0 


Example 


77 


23 


520 


20 


1.05 


0.35 


87.2 


23.2 


87.8 


24.0 


0.6 


0.8 


Example 


78 


24 


520 


15 


1.03 


0.31 


93.6 


19.0 


94.0 


19.1 


0.4 


0.1 


Example 


79 


25 


520 


15 


1.08 


0.31 


83.2 


25.6 


84.8 


26.0 


1.6 


0.4 


Example 


80 


26 


520 


20 


1.03 


0.35 


83.5 


26.0 


84.0 


26.2 


0.5 


0.2 


Example 



